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==========================

The success of a nonsurgical root canal treatment is predicted by meticulous cleaning and shaping of canals, complete three-dimensional (3D) obturation, and leakage-free restoration. The anatomy of root canal is varied and complex and this complexity leads to endodontic failures of about 60% due to an apical leakage and a hermitic seal ensures the 3D fit against the apical leakage.\[[@ref1]\]

Various obturating techniques have been proposed which claim as superior to one another to achieve an excellent apical seal and to eliminate the chances of endodontic failure owing to apical leakage.\[[@ref2]\] Schilder states that warm gutta-percha permits a greater density of filling in the apical one-third of the root, but on the contrary, studies reported that lateral condensation showed Both superiority and inferiority.\[[@ref3][@ref4]\] Hence, this study was aimed to evaluate the efficacy of the apical seal of warm gutta-percha (Ultrafil 3D), lateral condensation, and Single Cone technique.

A plethora of materials was also introduced, each with having its own unique characteristics, yet the gutta-percha still remains at the forefront of all since its inception into endodontic practice,\[[@ref5]\] but it lacks complete bonding to the internal root structure, and hence, the root canal sealant plays an important role. Sealers are used to attain impervious seal between the obturating material and root canal wall. AH plus has been chosen as the sealer in this study, due to its excellent properties, such as low solubility, small expansion, adhesion to dentin, antimicrobial efficacy against Enterococcus faecalis and its very good sealing ability. AH Plus is looked as a benchmark.\[[@ref6][@ref7]\] An essential component that has proven to be a boon to test this efficacy of the apical seal is the fluid filtration technique,\[[@ref8]\] giving an exact calibrated measurement that is essential to determine the extent and amount of leakage.

Thus, the aim of this *in vitro* study was to determine the relationship between the amount of sealing capability of gutta-percha and leakage analysis in the apical area among three different obturating techniques, i.e., Single Cone, Ultrafil 3D, and lateral condensation.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Freshly extracted sixty-six mandibular single-rooted premolar teeth were collected from Department of OMFS, Navodaya Dental College, and were decoronated at cementoenamel junction using a diamond disc. Ethical clearance obtained from the Ethical Committee of the institution, on June 2, 2017, N with Ref No. NDC/C.E/05/2013-14. The working length was determined using ROOT ZX apex locator (J. MORITA, USA) and the \#20 K file. All the teeth were prepared using 0.4/25 HyFlex CM (Colténe-Whaledent, Konstanz, Germany) rotary system file and Glyde File Prep (DENTSPLY) as a lubricant. Interinstrumentation irrigation was done using 3% of sodium hypochlorite and final irrigation was done using normal saline.

After completing all the preparations, the canals were dried using paper points and AH Plus sealer was applied with a lentulospiral and the teeth were randomly assigned to the following three groups:

Group I: Obturated with a Single Cone. The GP cone corresponding to the 0.6/25 HyFlex CM rotary system file (Coltene Endo) was lightly coated with AH Plus sealer and then placed in the canal up to the determined working length (*n* = 20)Group II: Obturated with Ultrafil 3D. Ultrafil® 3D injectable gutta-percha system (Colténe-Whaledent, Konstanz, Germany) was used for obturation according to the manufacturer\'s instructions (*n* = 20)Group III: Obturated with lateral condensation. The lateral condensation obturation was done with hand spreaders using master cone and accessory cones (*n* = 20).

After completion of the obturation process, excess gutta-percha was removed using a heated instrument and the coronal cavities were sealed using Cavit G. Radiographs were obtained to confirm the obturation and the teeth were stored at room temperature, for 7 days to allow the material set completely.

Specimens in the positive (*n* = 3) and the negative control groups (*n* = 3) were instrumented in a similar way. The root apices were coated with two coats of nail polish except for the apical 2 mm. The canals in the positive control group were not obturated to allow 100% leakage. The teeth in the negative group were coated with two coats of nail polish completely to ensure that there was no leakage.

A modified fluid filtration\[[@ref9][@ref10]\] analysis was used to determine the apical leakage under the pressure of 20 ml/min. The air bubble was incorporated in the pipette using a syringe and was stabilized at the zero mark \[[Figure 1](#F1){ref-type="fig"}\]. The corresponding shift of the bubble in pipette was noted after the fluid was released. The measurements were noted for 8 min at the interval of every 2 min, and the values were subsequently recorded in ml/min.

![Air bubble standardization at "0"](JISPCD-8-503-g001){#F1}

After the microleakage analysis, all the specimens were sectioned at 2 mm \[Figure [2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}\] and 4 mm \[Figure [3a](#F3){ref-type="fig"}--[c](#F3){ref-type="fig"}\] length from the apices. The sectioned specimens were examined under the Leica stereomicroscope at ×40 magnification and images were obtained. Adobe Photoshop CS3 10.0 image program software was used for the evaluation of gutta-percha filled area in canal. Then, the data derived were subjected to statistical analysis.

![Two-millimeter cross sections. (a) Single Cone, (b) Ultrafil 3D, (c) lateral condensation](JISPCD-8-503-g002){#F2}

![Four-millimeter cross sections (a) Single Cone, (b) Ultra fill 3D, (c) lateral condensation](JISPCD-8-503-g003){#F3}

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The differences in fluid transport between the groups were statistically analyzed with one-way analysis of variance (ANOVA) test followed with *post hoc* test Tukey\'s multiple comparisons. The differences in ratios between the three groups at 2 mm and 4 mm from the apex were analyzed using an ANOVA test followed by *post hoc* test Tukey\'s multiple comparisons. The level of significance was set at α = 0.05. Data were analyzed using Minitab v14.0. Considering the sample size of 20 in each subgroup and level of significance at 5%, the power of study is 99%. The difference among the three root canal obturation techniques was statistically significant (*P* \< 0.0001). The lateral condensation group showed more leakage than the Single Cone and Ultrafil 3D groups \[[Table 1](#T1){ref-type="table"}\]. Comparison of the mean leakage values of three groups showed in \[[Figure 4](#F4){ref-type="fig"}\]. At the 2-mm level, the Single Cone technique yielded significantly higher gutta-percha-filled area than the Ultrafil 3D and lateral condensation techniques (*P* \< 0.0001) \[[Figure 5](#F5){ref-type="fig"}\]. At 4-mm level, the gutta-percha filled area was greater with the Single Cone than Ultrafil 3D and lateral condensation methods (*P* \< 0.0001), but difference between Ultrafil 3D and lateral condensation was not statistically significant (*P* \> 0.05) \[[Figure 6](#F6){ref-type="fig"}\].

###### 

Mean leakage values for three obturation techniques
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![Comparison of the mean leakage values of three groups](JISPCD-8-503-g005){#F4}

![Comparison of gutta-percha filled area (%) at 2 mm from the apex](JISPCD-8-503-g006){#F5}

![Comparison of gutta-percha filled area (%) at 4 mm from the apex](JISPCD-8-503-g007){#F6}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The root canal anatomy is a complex array of many variations. The challenge is to fill the complexities at large. The major objective of endodontic obturation is to completely obliterate and seal the root canal system while maintaining accurate apical control of the filling material.

There had been a debate for a decade on quality of obturation and sealing ability using different techniques such as Single Cone, lateral condensation technique, and recently used injectable obturating techniques.

The present study considered Single Cone, Ultrafil 3D, and lateral condensation obturation techniques. Single-rooted teeth were used in this study mainly because there would be minimum anatomical variation which would help standardize and thus eliminate the confounding factors.

A study performed by Samson E (2013) concluded that the lateral condensation of cold gutta-percha can guarantee a similar seal of canal fillings as can be achieved using thermal methods, in the round canals. The glucose leakage test is a suitable long-term method to evaluate the sealing ability of root canal fillings.\[[@ref1]\] Ravanshad S *et al*. (2004) observed inverse relationship between microleakage and tubular penetration of root canal sealers. Deeper the penetration, lesser is the leakage.\[[@ref2]\] Schilder also found that lateral condensation technique tends to give a less homogenous adaptation.\[[@ref3]\] We observed that the Single Cone technique gave the best homogenous fill and the least apical leakage compared with lateral condensation. On the contrary, Weller *et al*. stated that injectable technique demonstrated the best adaptation to the prepared root canal compared with lateral condensation technique.\[[@ref4]\] The Ultrafil 3D injectable technique in our study showed moderate adaptability and leakage compared with Single Cone technique and lateral condensation technique. Al-Khafgay *et al*. concluded from their study that teeth filled with gutta-percha and Adseal sealer using lateral condensation technique showed least apical leakage.\[[@ref5]\] Our cross section analysis study revealed that the single cone technique at 2 mm and 4 mm from the apex had the maximum fill than the other two techniques \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Mean gutta-percha filled area 2 and 4 mm from the apex, expressed as percentage of total root canal area

![](JISPCD-8-503-g008)

Saleh showed that root canal fillings with AH Plus effectively kills *E. faecalis* in dentin tubules. On the other hand, cytotoxicity of the AH Plus is time limited and is no longer detectable after 4 h of mixing.\[[@ref6]\]

A number of techniques are available to check the sealing ability of the filling materials such as linear dye leakage, polymicrobial leakage, diaphanization, radioisotope labeling, electrochemical method, and fluid filtration method. The fluid filtration techniques are the most acceptable, and it has been proven to be more sensitive technique which can be reproducible easily. This technique measures the exact volume of the leakage from the specimen through its calibrated scale, but we made sure of its drawbacks such as change of leakage by change in pressure and decrease of leakage over time.\[[@ref7][@ref8]\] Javidi *et al*. have found this technique to be quite efficient in the evaluation of the microleakage of dental materials through their pilot study.\[[@ref9]\] Ismail *et al*. reported that in the amount of mean, leakage in their study was much less in the Single Cone technique than cold lateral condensation using ProTaper rotary instrument.\[[@ref10]\] Tasdemir *et al*. observed that Single Cone technique gives a greater gutta-percha fill in the apical 2 mm from the apex than the lateral condensation technique.\[[@ref11]\]

On the contrary, Lieven *et al*. and Rageshwari *et al*. found that the quality of obturation with warm gutta-percha was better than the tapered single-cone technique. Further, they added that root canal morphology influences gutta-percha adjustment and the residual fragments on the root canal reduces the sealing ability.\[[@ref12][@ref13]\] Perez Heredic *et al*. in a study found that there was no statistical difference found between the microleakage among Ultrafil 3D and lateral condensation canals, suggesting that thermal condensation technique was not superior to cold condensation.\[[@ref14]\]

Laslami *et al*. (2018) conducted a study to define the relationship between the apical preparation diameter and the apical sealing ability to highlight the importance of the preservation of the diameter and the original position of the apical foramen and they stated as the three different apical preparation sizes showed no statistically significant differences regarding the apical microleakage. However, the most important infiltration was observed in the group prepared with the largest apical diameter.\[[@ref15]\]

Our study was in agreement with Inan *et al*. where the mean value of leakage of Single Cone-matched taper gutta-percha was less than that of lateral condensation.\[[@ref16]\] We found that the amount of the apical microleakage for the Single Cone technique was less and the gutta-percha in the apical one-third was more than that for lateral condensation and Ultrafil 3D. Peng Li *et al*. did a meta-analysis of the literature evidence available and concluded that filing is harder to control with warm gutta-percha technique, even though a more uniform mass is obtained, as there is always a possibility of underfilling or overfilling within it. The lateral condensation technique is more economical and less probabilities of overfilling exist, but render a less homogenous mass.\[[@ref17]\] In this study, Single Cone technique proved to overcome all the above-mentioned drawbacks of the rest of two obturating methods as being most efficient and does not result in operator fatigue.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The present study concluded that Single Cone obturation technique exhibited more gutta-percha filled area in the canal which led to decreased apical leakage than Ultrafil 3D and lateral condensation techniques, proving to be more effective in achieving a complete 3D apical seal.
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